The objective of the study was to evaluate the maternal protective behavior of zebu-type cattle (Bos indicus) and its association with temperament. A total of 40 cow-calf pairs raised under extensive conditions were randomly assigned to 1 of 4 groups (n = 10), which were evaluated at 30, 60, 90, and 120 d postpartum (dpp), respectively. Measures obtained were defense responses of cows protecting their calves assessed by categorizing the behavioral response of the dams during handling of their calves and chute exit score and facial hair whorl (HW) position as indirect measures associated with temperament. No association was found between protective behavior and exit score or HW measures (r s < 0.22 and 0.13, respectively; P > 0.05). At 30 dpp, 90% of the cows responded to the stimulus of calves being handled, 40% reacted exclusively to alien calves, and 50% responded to their own or alien calves. Sixty days later, the proportion of cows responding to alien calves decreased (P < 0.05) to 10%, and at 120 dpp, cows responding to any calf decreased (P < 0.05) to 20%, while the nonresponding cows increased (P < 0.05) to 60%. Similarly, as dpp increased, the intensity of the reaction of the cows to the manipulation of their calves declined. The intensity of the response was exacerbated (P < 0.05) when a human being was less than 1 m distance from the calf, also when the calf was its own or when the calf vocalized. Furthermore, independent of the sex of their own calf, cows reacted more to male than female calves (P < 0.05). It was concluded that zebu cows may display maternal protective behavior to their own or alien calves, which weakens about 120 dpp and is not influenced by individual temperament.
INTRODUCTION
In beef cattle, in which a strong maternal behavior is favored (Le Neindre, 1989; Le Neindre et al., 1999) , selection for less intense protective behavior has more impact on calf survival compared with dairy breeds. In the former, maternal behavior of cows is essential for the proper development of the newborn calf (Hoppe et al., 2008) . In addition, the loss of calf protective behavior in cattle raised under extensive conditions may further increase losses by predation.
On the other hand, handling the calf at an early age is necessary for routine management procedures (Turner and Lawrence, 2007) . Highly aggressive cows may result in a high risk of poor welfare for animals and stockpersons (Le Neindre et al., 2002) . This situation could be aggravated in B. indicus cattle, which are considered to be more difficult to handle than B. taurus (Hearnshaw and Morris, 1984; Fordyce et al., 1988) .
Little is known about the relation between temperament and protective behavior in zebu cattle and whether it is possible to find an association between calmer temperament and less protective behavior. This is relevant because in practice, selection favoring calm temperament will result in an increase in handler and animal safety (Müller and von Keyserlingk, 2006) but indirectly favor a less protective response in the cows, thus increasing the risk of predation in the field. For farmers, knowledge about differences in maternal behavior, whether affected by the individuality of the mother, parity, temperament, or sex of the young could be of practical use as a source of information for decisions such as which cows should be kept or which animals could be more dangerous to handle.
In cattle, facial hair whorl (HW) position has been associated with temperament, in that cattle with HW high on the forehead tend to become more agitated during restraint than cattle with low HW (Grandin et al., 1995; Burrow and Dillon, 1997; Randle, 1998; Kadel et al., 2006) . Individuals with low HW are less disturbed by the presence of, and or the interaction with, unfamiliar humans (Randle, 1998) . Previous studies using Red Angus beef cows suggest that cows with a high HW may be more vigilant (Flörcke et al., 2012) . In addition, Müller and von Keyserlingk (2006) found that the exit speed from a squeeze chute can also be used as a measure of temperament. In their study, individuals with slower exit speed were calmer and had increased weight gains.
The purpose of the present study was to evaluate the maternal protective behavior of zebu cows toward their own or alien calves assessed by categorizing the behavioral response of the dams during handling of the calves and to determine whether differences in cow protective behavior were related to the sex of the calf or individual temperament, estimated through HW position and exit score determinations.
MATERIALS AND METHODS

Localization
The study was conducted at the Centre for Teaching, Research, and Extension in Tropical Animal Husbandry belonging to the Faculty of Veterinary Medicine of the National Autonomous University of Mexico, located in the State of Veracruz, Mexico, at 20° 04´ N and 97° 03´ W, with humid tropical climate, mean annual temperature of 24°C, and mean annual rainfall of 1742 mm.
Animals
Forty cow-calf pairs of Gyr, Brahman, and crossbreeds, raised under extensive conditions, were used. All cows were 4 to 6 yr of age, and mean body condition was 4.0 ± 0.08 using a 1 to 9 scale. There were 25 male and 15 female calves, representing a proportion not different from random (P > 0.05; Chi-Square test). The animals were kept in a single herd on Cynodon pasture, with negligible previous contact with humans before parturition and were kept separated from other cattle in the farm.
At parturition, animals were identified with large numbers painted on their flanks so that they could be observed from a distance. The painting method consisted in the use of hair dyes, which is a common procedure utilized in our laboratory. On some occasions, it was necessary to repaint the numbers, and this was performed when the animals were handled in the crush.
Cow-calf pairs were randomly assigned to 1 of 4 groups (n = 10) based on the age of the calves, and the particular group was evaluated at 30, 60, 90, or 120 d postpartum (dpp). Although this procedure reduced the sample size per group, it was aimed at minimizing the possibility of the cows becoming habituated to the test. The day of evaluation corresponded to the average age of the calves in that group. Ages ranged to a maximum of 6 d since estrus of these cows was artificially synchronized using an intravaginal progesterone releasing device (Eazy-breed CIDR; Pfizer, Mexico City Mexico).
Data Collection
Data were collected during routine movement of the herd. Every day at 0600 h after parturitions started, animals were gently moved by 2 experienced stock handlers who were familiar with the animals as a whole herd from pasture to an open pipe holding pen located behind a single-file raceway and a crush. At the holding pen, the cows received concentrate in a continuous trough to enhance body condition recovery and increase milk production.
Cows were moved individually from the holding pen in a calm manner via a solid metal-sided, semicircular chute system to the single-file raceway that led to the crush and then into the crush by stock handler A. The second half of the single-file raceway and the crush were covered with a corrugated iron roof. The crush was larger than the cows, and the length could be reduced by the use of pieces of pipe to fix the length of each cow. It was also equipped with 2 sliding doors, 1 at the front and 1 at the back, which prevented the animals from balking. Stock handler B and the experimenter stood in the area to the side of the crush (Fig. 1) . This procedure was repeated on 3 consecutive days, at all testing dpp.
Upon entry into the crush, the animals were identified, and the 10 cows programmed to be treated were individually restrained for 30 s. During this period, on d 1, HW position was recorded. At the end of the 30 s, stock handler B opened the front gate of the crush, allowing the animal to exit under its own volition, and exit speed was estimated by the experimenter. The 3 d of handling resulted in 3 measures; the mean of which was used for calculations since Petherick et al. (2009) demonstrated that if exit speed is measured 2 or 3 times, it becomes a more reliable and robust measure. During the third day, after the later procedure, maternal protective behavior was measured.
Animals from those groups that were not programmed to be studied walked freely through the chute back to the pasture.
Temperament Measures
The HW position was recorded when the cows were restrained in the crush for the first time and was determined using the method developed by Grandin et al. (1995) , in which individuals were classified as high, middle, or low HW based on presence and position of the whorl in relation to the eyes.
Exit speed measurements were obtained in the form of an exit score (1 = walk, 2 = trot, 3 = canter, 4 = run) based on the method of Lanier and Grandin (2002) and validated by Burrow and Dillon (1997) and Kadel et al. (2006) in B. indicus animals and was assigned by the experimenter when each cow left the crush at her own pace along a grooved concrete area. All animals left the crush without any coaxing as soon as the crush front door was opened. The subject could not see other animals while leaving the crush.
Maternal Protectiveness
For this purpose, treated animals were driven back to the holding pen after being restrained in the crush (Fig. 1) .
Before restraining the cows in the crush, the calves were caught in the single-file raceway and brought to an adjacent open bar pen, so the possibility for visual contact between mother and young was always ensured.
Once all treated subjects were calmed in the holding pen, the test procedure began. Calves were used to evaluate the behavior of the cows in random order in an attempt to reduce a possible effect due to frequent testing. They were allowed to walk freely along the fence line adjacent from the holding pen for 30 s, and then they were driven gently by the same person, parading each calf along the fence line in front of the cows' pen while pulling them with the help of a rope tied to their necks, and returned to the adjacent pen with their calf penmates. During the later procedure, the person remained within 1 m distance from the calf. No resistance in the calves to this procedure was observed. The only aspect of the calf behavior noted and registered was if the calf vocalized. In this manner, each group of cows was tested at the same time with each of the 10 calves of the group. A 5-min period was allowed between each test to favor certain independence within them. The procedure was modified from those described by Buddenberg et al. (1986) and Morris et al. (1994) , substituting ear tagging or weighing for the pulling of the calf. Over the complete trial period, the behavioral response of the cow while the calves were walking free and handled to drive them back to the pen was scored by the same person, categorizing the response of all dams to each calf according to a scoring system from 1 to 5: 1, the cow stands very quietly or rather shows indifference in the procedure; 2, the cow stands quietly and observes her calf occasionally; 3, the cow displays vigorous tail swishing, occasionally pawing the ground; 4, the cow bellows loudly and attempts to interfere with the handling procedure, and the handler only feels safe if the cow is watched at all times; 5, the cow is aggressive and tries to get through the fence, and the handler only feels safe because of the fence separation (modified from Hoppe et al., 2008) . The scoring system used in this study is similar to that used by Buddenberg et al. (1986) and Morris et al. (1994) and allocates 5 different classes to the observed behavior of the cow, which basically represents a continuous progression in the scale (Hoppe et al., 2008) . Cows in class 1 were considered nonresponding animals, while those cows scored as class 2 to 5 were considered responding cows. 
Statistical Analyses
The ratio of cows that reacted to their own, alien, or both kinds of calves or did not react and the effect of age postpartum were analyzed by the WilcoxonMann-Whitney test. This same test was used to analyze the percent of cows and intensity of the reaction when comparing between own versus alien calves, vocalizing versus quiet calves, and existence versus absence of human presence in the 4 ages postpartum. The comparison between the number of male and female alien calves to which the cows responded and the intensity of the reaction toward male versus female calves was conducted by a Chi-square test, while the association between maternal protective behavior with HW position and exit score was estimated using Pearson product moment coefficients of correlation (r; Siegel and Castellan, 1988) .
RESULTS
At 30 dpp, 50% of the cows reacted to their own or alien calves, while 40% reacted exclusively to alien calves. This same pattern remained until 90 dpp when the proportion of cows that reacted exclusively to alien calves decreased (P < 0.05) to 10%, and it was not until 120 dpp when the proportion of cows that reacted to any calf decreased (P < 0.05) to 20%. Up to this age, the proportion of cows that did not display maternal protective behavior to any calf increased (P < 0.05) from 30 to 60% (Fig. 2) .
As the age postpartum increased, the intensity of the reaction and the number of calves triggering the response of the cow decreased. The intensity of the reaction was exacerbated (P < 0.05) at all ages postpartum when a person was within 1 m distance from the calf and when the cow was responding to her own calf. Similarly, more cows responded to vocalizing in comparison with quiet calves (P < 0.05), but only at 30 dpp (4.5 ± 0.9 vs. 2.1 ± 0.4; Table 1 ). In total, cows reacted more times (P < 0.05) to alien male than female calves (60 vs. 32 times, respectively), regardless of the sex of their own calf. However, no difference (P > 0.05) was found in the intensity of the reaction towards each sex. Ninety percent of HW were found high on the forehead, and 10% in the middle, while the average (± SEM) exit score was 1.7 ± 0.08 ranging from 1 to 2.9. Finally, no association was found between maternal protection behavior and temperament measures (r s < 0.22 and 0.13, for maternal protection behavior with HW and exit score, respectively; P > 0.05).
DISCUSSION
Not all zebu cows showed defense responses protecting their calves. However, some cows did protect their own and alien calves. This implies a marked variability in the response of cows to calves. However, it is not clear if cows could discriminate between their own and alien calves, or simply, they are responding to several calves due to their inability to recognize their own calf at a distance or differentiate the vocalizations of their own calves from alien calves (Watts and Stookey, 2000; Marchant-Forde et al., 2002) . Even though cows learn Yes 2.9 ± 1.0 b2 2.8 ± 0.9 b2 2.9 ± 1.1 b2 2.0 ± 1.1 a2
Kind of calf with respect to the cow Alien 2.0 ± 0.1 b1 1.8 ± 0.6 b1 1.0 ± 0.4 a1 1.0 ± 0.4 a1 Own 3.1 ± 0.8 a2 2.8 ± 0.7 a2 3.0 ± 0.5 a2 2.8 ± 0.7 a2
Calves vocalizing No 2.1 ± 0.4 b1 2.5 ± 0.8 b1 2.5 ± 1.0 b1 1.6 ± 0.8ª 1 Yes 4.5 ± 0.9 b2 2.0 ± 0.1ª 1 2.3 ± 0.9ª 1 1.8 ± 0.9ª 1 1 Different superscript letters in the same variable indicate significant (P < 0.05) difference within the rows. Superscript numbers 1 and 2 indicate that values with different numbers in the same column within each variable differ (P < 0.05) significantly. Values are given in mean ± SE. Intensity of reaction was measured with a scoring system from 1 to 5: 1, the cow remains indifferent to the procedure; 2, the cow observes her calf slightly excited; 3, the cow is excited; 4, the handler only feels safe if the cow is watched at all times; 5, the cow is aggressive, dangerous, and tries to get through the fence. Figure 2 . Percent of cows that did not respond (score 1*) or responded (scores 2 to 5*) displaying maternal protective behavior to their own, alien or both kind of calves at 30, 60, 90, and 120 d postpartum. *Scoring system: 1, the cow stands very quietly or rather shows indifference to the procedure; 2, the cow stands quietly and observes her calf occasionally; 3, the cow displays vigorous tail swishing, occasionally pawing the ground; 4, the cow bellows loudly and attempts to interfere with the handling procedure, and the handler only feels safe if the cow is watched at all times; 5, the cow is aggressive and tries to get through the fence, and the handler only feels safe because of the fence separation.
to recognize their young by sight and voice, odor is the primary method of recognizing their newborn (Stookey, 1997) . In effect, Barfield et al. (1994) found that 3-to 5-wk-old calves were able to discriminate the sound of the mother. The question remains whether the mother can recognize her own calf by sound. However, Pollock and Hurnik (1978) reported that recorded calls of a single calf increased the milk yield from a group of 16 dairy cows, suggesting a lack of individual recognition.
The reaction of the cows increased when the calves vocalized during the procedure or when a human was present handling the calf. To our knowledge, this is the first time that maternal protective behavior toward alien calves has been reported in cattle, even though in other species, active defense of the young is displayed by the mother or other members of the herd (Leuthold, 1977) . The musk ox shows successful social defense against wolves (Nowak et al., 2000) . In buffalo, allonursing behavior has commonly been reported, suggesting that cows may invest their resources in promoting the survival of their own or another's offspring (Murphey et al., 1995) . This behavior has also been found in B. taurus cattle, although less frequently (Víchová and Bartos, 2005) . It seems that regardless of the ability of the cows to recognize their calves, some vocalizations can be identified as stress calls (Watts and Stookey, 2000; Watts et al., 2001) , evoking or enhancing the reaction of cows in the group.
In addition, it has been reported that when domesticated cattle are permitted to rear their young, the behavior associated with maternal care is for the most part similar to those observed in wild ungulates (von Keyserlingk and Weary, 2007) . For example, Owens and Edey (1985) reported that 10 of 49 prepartum cows licked alien calves. Multiparous cows have been reported to lick calves other than their own (Edwards, 1983) . Furthermore, in other mammals, specific females take care of the young while other mothers search for food (Green, 1992; Saltzman et al., 2006) . In the present experiment, it was observed, but unfortunately not quantified, that a few females remained with the group of calves while most of the cows were away, grazing at a distance. All of these factors support the idea that there is some social involvement of groups of females, which may explain why zebu-type cattle raised under extensive conditions displayed this protective reaction toward alien calves.
Cows call in response to a range of conditions Stookey, 1999, 2000) . However, calves are not highly vocal, providing little opportunity for the cows to learn to recognize the calls from their own calf (MarchantForde et al., 2002) . When cows calve, they usually hide the calf and move away to graze; thus, a calf vocalizing will increase the risk of predation. Nevertheless, an alarm call by their young could be the signal for her to react. This could be the reason why vocalization of the calves during tests increased the reaction in the cows, particularly in younger calves. Vocalizations might be perceived as stress calls. In African buffalo, an entire herd of adults may react to the distress call of a calf (Nowak et al., 2000) . White et al. (2007) found in white rhinoceros, that vocalization of the calves affects the mother's response, and mothers invest more maternal resources in the offspring that vocalize at higher rates.
Another factor that increased the reaction of the cows was the presence of a human being close to the calf while handled. Most domestic animals display fear to human presence (Forkman et al., 2007) ; humans sometimes may be perceived as a threat to the calf, and the mother cow may attack (Turner and Lawrence, 2007; Hoppe et al., 2008) , particularly those animals raised under extensive conditions with little or no human contact. The maternal protective behavior reaction of suckling Bos taurus beef cows when approached by a vehicle (Flörcke et al., 2012) or by humans earmarking their calves (Buddenberg et al., 1986; Morris et al., 1994) has been observed in several studies, where almost all (99-100%) the cows protected their calves; in contrast, in the present study, not all cows responded. However, the results of Buddenberg et al. (1986) , Morris et al. (1994) , and Flörcke et al. (2012) were obtained from cows that had recently given birth. In our experiment, at 30 dpp, 90% of the cows protected their calves, and as days passed by, this percentage decreased to 40% at 120 dpp. As a result of such a decline in maternal responsiveness, it could be possible that all cows were reactive at less than 30 dpp or that some B. indicus cows never react by displaying protective behavior, such as some B. taurus dairy cows. In addition, these changes in mother-young relationships with the increasing age of the young could be influenced by a development of better ability in the cows to recognize their own calf, at least in those animals that were reacting only to alien calves. It is worth noting that this proportion diminished significantly at 90 dpp, so the disparity between our results and the others could be the time postpartum when the studies were performed. A contributing factor could be that the daily movement of the animals into a pen for feeding generated a possible "taming effect" in the cows, diminishing their response. However, it has been reported that the mother-young relation gradually decreases in B. taurus (Stéhulová et al., 2013) and other ungulates (Maldonado et al., 2014) as time passes. The genetic influence of the species could work together with the rearing conditions referred to before. Buddenberg et al. (1986) compared the aggressive behavior of cows to stockpersons handling their calves and ranked Angus cows highest, followed by Red Poll, Charolais, and Hereford.
In our study, cows reacted more to male than female calves in a 2:1 proportion, regardless of the sex of their own calf. This finding provides useful information for determining whether sex-biased reaction could be under maternal control and not influenced by the sex of their own calf. These data also support the hypothesis that in polygamous species, natural selection should favor maternal ability to alter the investment of maternal resources in male versus female offspring (Trivers and Willard, 1973; Frank, 1990) . In effect, male reproductive success can be highly variable, and only high-quality males monopolize breeding opportunities with females (Emlen and Oring, 1977) . In large mammals, some evidence tends to support this idea. White et al. (2007) reported that males suckled significantly longer, more frequently, and were weaned significantly later than females. In beef cattle, Lidfors et al. (1994) also found that male calves were nursed longer. It is unclear whether this was due to differential maternal care or to the higher metabolic demand of larger animals. In addition, Stéhulová et al. (2013) reported that mothers of males spent more time within 5 m of the calf, initiated a higher proportion of contacts, and followed the calf more often. Interestingly, the greater reaction of zebu cows in this study to male than female calves suggest that, at least in this species, male calves received more maternal protective care.
As HW is an indicator of temperament and it varied very little, it is possible that the temperament of the herd varied little, which could explain the lack of association between temperament and maternal behavior.
It was concluded that zebu-type cows may display maternal protective behavior to their own or alien calves, which weakens about 120 dpp and is not influenced by individual temperament.
